Abstract: The land suitability rating system (LSRS) is a spatial modeling tool that generates a class rating for parcels of land for specific agricultural crops based on a soil-climate-landscape potential. We applied the LSRS module for corn suitability to the agricultural portion of the lower Fraser Valley of British Columbia (BC). We used data from six UN-IPCC AR4 projections covering a range of cold to hot and wet to dry scenarios for the time periods 2010-2039, 2040-2069, and 2070-2099 to assess the impacts of climate change on corn production. To obtain satisfactory spatial results, we linked high-resolution (400 m grid) monthly temperature and precipitation values to the individual polygons of a detailed (1 : 25 000 scale) soil map available for the study area. Of the six future climate scenarios evaluated, the Goddard Institute for Space Studies (GISS_EH-A1B/3) yielded the most favourable results whereby land suitability for corn without irrigation remained relatively stable through the 21st century. Conversely, the Hadley Centre Global Environmental Model (HadGEM-A1B/1) projected a large drop in land suitabililty for corn due to increased climatic and soil moisture deficits. The wide range of climate scenario inputs generated a similarly wide range of LSRS ratings. Most scenarios generated positive impacts for land suitability up to mid-century but negative impacts by late century. Overall, increased heat and aridity will produce earlier harvest dates for corn and likely mean significant changes to the types and timing of crop management practices in the region.
Introduction
There have been several comprehensive reviews of potential climate change impacts on natural resources in British Columbia (BC) including forestry tree species distribution (Flower et al. 2012) , biodiversity (Gayton 2008) , and watershed processes (Pike et al. 2010) . Within the realm of agriculture, there has been considerable work done on assessing potential impacts to irrigated horticulture in the interior of BC Neilsen et al. 2006 Neilsen et al. , 2015 , but there has been little quantitative assessment of climate change impacts on agriculture in the lower mainland region of BC. The lower Fraser Valley is home to the majority of dairy and poultry operations in the province, as well as greenhouse, nursery, small fruits (berries), and mushroom production and is a significant contributor to the regional and provincial economy (Crawford et al. 2012) . Of the almost $3.0 billion in provincial total gross farm receipts in 2011, approximately two-thirds came from the south coast region, principally the lower Fraser Valley (British Columbia Ministry of Agriculture 2013).
BC's agricultural sector faces both positive and negative impacts from climate change. Changes in precipitation and water supply, more frequent and sustained droughts, and increased demand for water will strain the adaptive capacity of most forms of agriculture. An early assessment of the impacts of climate change on agriculture in the lower Fraser Valley by Zebarth et al. (1997) projected mixed impacts. Climate change would presumably benefit perennial crops through a longer growing season and reduce risks of winter damage, but at the same time, warmer temperatures may increase the need for irrigation where it is not required today, and increase the risk of pest damage, including that by pests not currently resident in the valley. They concluded that ultimately the primary benefit of the extended growing season may be the possible introduction of a wider variety of crops into the lower Fraser Valley and surrounding area. Increased winter precipitation could limit annual crop production in water-logged soils, whereas decreased summer precipitation could mean that more irrigation will be required as we move through this century (Zebarth et al. 1997) .
To better describe the impacts in terms of changes in land suitabilities and present these assessments spatially, we utilized the land suitability rating system (LSRS), an algorithm-based model that incorporates climate, soil, and landscape information to assign to soil map polygons a suitability class rating for a specific crop type. Rossiter (1996) in his comprehensive review of land evaluation methods defined land suitability as the fitness of a given land unit (usually a soil map unit) for a particular land utilization type where suitability is expressed on a continuous scale of "goodness" (e.g., 0-100) or, more commonly, as a set of discrete classes, which are conventionally numbered from class 1 meaning "completely suited" upwards to some maximum meaning "completely unsuited." In a review of systems to assess the land productivity function in soil, Mueller et al. (2010) described LSRS as a system that effectively contains information on climate and soil properties relevant to crop yield and soil structure in particular, an excellent indicator of soil health. They concluded that although LSRS has the potential for consistent ratings of the soil productivity function on a global scale, the tool has never been tested for crops or conditions outside of Canada.
The LSRS was originally developed as a national rating system for spring seeded grains (Agronomic Interpretations Working Group 1995) and has since expanded to several other common crop types in Canada, including bromegrass and alfalfa forages, soybeans, canola, and corn. The underlying principles and the various crop modules of the LSRS are described in Agronomic Interpretations Working Group (1995) and Pettapiece et al. (2007) , respectively. The LSRS rating algorithms draw information from two data sets. First, from a set of nationally standardized soil survey databases that contain attributes about the mapped soils and their associated landforms, and second, from gridded climate data sets from which a series of agroclimatic indices are calculated. The development of national gridded climate data sets (Hutchinson et al. 2009; McKenney et al. 2013 ) and of national soil survey databases (Schut et al. 2011 ) has enabled automated agricultural suitability assessments for a range of crops at a variety of map scales across Canada. Climate, soil, and landscape attributes are assessed individually for a specific crop and where the most limiting component determines the final suitability rating for a soil landscape polygon. Results of the LSRS calculation are categorized into seven classes, where class 1 is highly suitable without limitation and class 7 is unsuitable.
The use of LSRS to evaluate climate change impacts on spring seeded grains in Canada was used by Campbell et al. (2014) based on the methods developed by Hewitt et al. (2008) . That study did not include BC because the 10-km gridded climate data used lacked the spatial resolution required to properly represent growing conditions within the topographically complex valley systems used for agriculture in coastal and southern interior of BC. Our motivation to conduct this work was the availability of higher resolution climate data and tools for BC (Wang et al. 2012 ) making it technically feasible for the first time to conduct LSRS assessments in this portion of the western Cordillera.
Our work was conducted as a component of a broader research project to assess the impacts of climate change on a range of annual and perennial agricultural crops in BC (Neilsen et al. 2013) . Using the lower Fraser Valley as the study area for this work, our objectives were (1) to test the use of available spatially detailed climate and soil data to run LSRS in a confined Cordilleran valley system; (2) to qualitatively evaluate how LSRS class ratings respond to a range of global circulation model (GCM) climate outputs; (3) to illustrate the results spatially through map figures and summary tables; and finally, (4) to make some interpretion of results in terms of possible future crop management impacts. In the lower Fraser Valley, corn is an important feed crop in support of the dairy industry. For this reason, we chose to use the corn module of LSRS to examine potential impacts of climate change on corn production through to the end of this century.
Materials and Methods

Study area
The lower Fraser Valley is situated in southwestern BC and is bounded on the south by the Cascade Mountains, to the north by the BC Coast Mountain Range, to the east by the Fraser Canyon, and to the west by the Georgia Strait (Fig. 1) . The elevation of arable land ranges from the sea level at the mouth of the Fraser River to a maximum of 130 m above sea level (asl) in the Aldergrove uplands just to the west of Abbotsford. In the broader context, there is tremendous relief surrounding the study area. Along the northern edge of the valley, mountain peaks at over 900 m asl are within 4 km of agricultural fields that lie at only 10-m elevation. The extent of our detailed study area was defined by the extent of agricultural activities on the floor of the lower Fraser Valley.
Soil maps and databases
In this project, we utilized a regional detailed soil map and database compiled at 1 : 25 000 scale by Kenney et al. (2007) based principally on the Soil Survey of the Langley-Vancouver area (Luttmerding 1980) and several older soil maps and reports. The mapping covers approximately 150 000 ha of nonurban valley floor of the lower Fraser Valley belonging to the Fraser Valley and Metro Vancouver Regional Districts. Based on the 2011 Census of Agriculture, the two regional districts report approximately 100 000 ha in agricultural production (British Columbia Ministry of Agriculture 2013) . Based on land use mapping in the region, the estimated annual corn acreage for the period from 2011 to 2013 was 8550 ha (British Columbia Ministry of Agriculture, personal communication), which represents just a small fraction of the 1.3 million ha of land seeded to corn in Canada in 2013 (Statistics Canada 2015) . The detailed soil map is composed of 6366 polygons with an average area of 24 ha, although there is considerable range in the polygon area (from 2 to 2149 ha). For each polygon, there are a series of linked soil data files from the National Soil Database in the Canadian Soil Information System (Schut et al. 2011 ) that are accessed by LSRS for processing.
Climate data and global circulation models
Climate data for our baseline (reference) period and future scenarios were obtained from ClimateWNA_v4.70 (Wang et al. 2012) . ClimateWNA software extracts PRISM (Daly et al. 2002 ) monthly data on a 2.5-km grid. These data were developed using an approach that incorporates weather station data, a digital elevation model, and expert knowledge of climate patterns and temperature inversions over topographically delineated facets as defined by Daly et al. (2002) . ClimateWNA also downscales to a specified digital elevation model using its multilocation processing function to generate custom climate surfaces at any resolution. In this study, we converted a 400-m DEM to a text file consisting of latitude-longitude-elevation combinations for processing. Global circulation models (GCM) have been adapted to regional areas in BC via the Climate BC/WNA downscaling software. We acquired six recommended (Murdock and Spittlehouse 2011) IPCC Assessment Report 4 GCM outputs from ClimateWNA_v4.70. New versions of the application are published as either enhancements to the software are made or new climate data sets become available. As with the baseline data, we formated output to a 400-m digital elevation model. The GCMs and scenarios utilized in this study are given in Table 1 , their characteristics are described by Murdock and Spittlehouse (2011) . These represent a range of the modeled climate data sets available at the time of the study. We have labeled the scenarios with descriptive, informal terms for purpose of reference in the text of this paper. We used three 30-yr normal time periods (2010-2039, 2040-2069, and 2070-2099) for a total of 18 future projections.
Data processing and the LSRS calculators
Within ArcGIS ™ 9.1, we assigned the downloaded monthly values for precipitation, maximum temperature, and minimum temperature from the 400-m grid cells of the climate raster to the centroid of each soil map polygon using an overlay and extraction procedure. There was a good spatial match between the mean soil map polygon area (24 ha) and the grid cell area (16 ha). For each of the map polygons in the study area, the weighted mean value of climate attributes was calculated from values of all intersecting 400-m grid cells (Fig. 2) . The monthly climate data assigned to detailed soil polygons were then uploaded into the LSRS climate indices calculator to generate the required climate indices to run LSRS (Fig. 3) . The climate calculator generates daily values through a transformation of the monthly normal value using the Brooks sine wave interpolation procedure (Brooks 1943) to generate daily values of average T max , T min , and T mean for the growing season. Minimum and maximum daily temperatures were used to establish the growing season length (GSL) measured in days as well as the accumulation of crop heat units (CHU), a form of accumulated growing degree day values. Crop heat units are widely used in Canada to rate the suitability of the climate for producing specific corn hybrids and soybean varieties (Brown and Bootsma 1993; Bootsma et al. 1999 Bootsma et al. , 2001 ) and have been tested and calibrated for use in the LSRS calculations (Pettapiece et al. 2007 ). Details of the calculation are given in Bootsma (2008) If T max < 10.0, then Y max = 0.0; if T min < 4.44, then Y min = 0.0, where Y max and Y min are the contributions to CHU from daily maximum (T max ) and minimum (T min ) air temperature, respectively. To compute seasonal CHU sums, daily CHU values are accumulated from starting and stopping dates determined by the dates when certain temperature threshold values are reached (i.e., temperatures associated with historical average date of planting in spring and the date of 10% probability of occurrence of killing frost (−2°C) in the fall). The CHU total is rated such that 3500 units are considered to be no limitation (i.e., 0-point deduction) and 2000 units marginal for commercial production (i.e., 70-point deduction) (Fig. 4a ). The concept was tested and modified for use in BC by Bootsma (2008) .
Precipitation data are combined with temperature data to establish a measure of climatic aridity or moisture deficit expressed as precipitation-potential evapotranspiration (P-PE). In areas with a growing season moisture deficit, P-PE is expressed as negative values in millimetres. The Baier and Robertson (1965) BR1 model with a conversion factor of 0.086 mm cm −3 (Baier 1971 ) is currently used as the default method for calculating PE in LSRS as it requires only maximum and minimum air temperatures and solar radiation at the top of the atmosphere as estimator input variables (Bootsma 2012) . The conversion factor yields a value approximating that obtained by the Penman method of calculating reference evapotranspiration, a method requiring greater inputs but one that is widely used (Yoder et al. 2005) . General consensus among the agronomists consulted during the development of the corn module of LSRS was that the P-PE index was a reasonable, wellestablished, and accepted approach for measuring climatic moisture deficit or surplus (Pettapiece et al. 2007) . It is used in all of the LSRS crop modules. For the corn module, the following threshold values are used where P-PE of −100 mm is considered a slight limitation, P-PE of −200 to −250 mm is a moderate limitation, and a P-PE of −350 to −400 is a severe limitation (Fig. 4b) . Three indices, GSL, CHU total, and climatic moisture deficit are then used to derive the climate rating for each map polygon with the most limiting of these determining the final climate rating. Once the required climate indices were generated, files were loaded and formatted to LSRS v4 (Agriculture and Agri-Food Canada 2015) specifications prior to uploading into AAFC's publically accessible online LSRS calculator at http://lsrs.landresources. ca/contents.html (Fig. 3) .
The LSRS calculator is implemented in Ruby on Rails ® software. MySQLv5.5, an open-source relational database management system, is used to store LSRS configuration information as well as climate and soils data. The LSRS calculator accesses soils and climate scenario information from a MySQL database and calculates an LSRS rating for all of the components in a given soil map polygon through its integration with Specifically, data for each soil component listed for each polygon are contained within the associated soil name and soil layer tables. Landscape attribute data are extracted from the corresponding soil map polygon file. The LSRS calculator accesses these files to generate soil and landscape suitability ratings for each soil map polygon based on a set of rules and a numerical point deduction scheme. Key soil attributes that are utilized include soil texture, soil drainage, pH, and organic matter content of the upper solum as well as the landscape properties of surface stoniness and slope. Soils that were known by the author (E.A.K.) to be tile drained had drainage and depth to water table values modified in the soil name table to reflect these improvements. As climate changes so might certain soil properties such as internal drainage, pH, and organic matter content. However, for the purposes of this study, soil property values remained static for the time periods analyzed.
Finally, within ArcGIS 9.1, we created several routines that automated the creation of shape files and maps from the LSRS calculator outputs. Batch processing by the LSRS calculator generates results based upon the data associated with a soil map polygon. Therefore, the scale of resultant suitability ratings is dependent upon the scale of the soil map. The maps generated for each baseline and climate scenario included maps for CHU and moisture deficits, climate suitability ratings, soil suitability ratings, landscape suitability ratings, and an overall LSRS class rating. In addition to the maps, tabular summaries of class areas where also generated.
Analyzing LSRS outputs
LSRS does not simulate crop growth or yield and makes no direct assessment of land productivity. LSRS rates land for its suitability for a specific crop in qualitative, categorical increments. The LSRS calculator generates a class rating as well as a limiting factor for each soil component found in each soil map polygon. Soil polygons contained up to three soil components (soil series), which were analyzed separately for the climate, soil, and landscape characteristic of each. A final or integrated class rating, which we term the overall land suitability rating, is based on the most limiting of climate, soil, and landscape (topographic) factors in each polygon. The LSRS class rating is based on a ranking of points with specific point cut-off values that define class boundaries (Table 2 ). Class point ranges and limiting factors (also termed subclasses) are assigned based on point deductions calculated for all factors (Agronomic Interpretations Working Group 1995) associated with each soil component (Fig. 4) . When using LSRS for climate change impact assessment, it is the climate ratings that are most dynamic over time, although there is also interplay between climate and soil factor limitation ratings. Landscape factors (slope, stoniness, and landscape pattern) do not change in response to climate variation and remained constant in these analyses. In addition, map polygons in the study area with landscape ratings of 5, 6, or 7 (severely limited to unsuited for agriculture due to topography) were removed from the analyses as they are not considered suitable for corn production.
Comparison tables and maps were generated by determining the class and subclass ranking and point difference for the baseline period and for the six future climate scenarios, which we labeled as Cool-Dry, Hot, Humid, Mild, Moderate, and Wet Table 2 . These limiting factors were sorted by individual soil components to track how changes in climatic conditions affect limitations for specific soils. For example, if an increase in average temperature during the growing season is not matched by an increase in precipitation, this could result in a limitation of H (insufficient CHU) to change to A (aridity or climatic moisture deficit). A combination of changes in class and point rating system is used to establish significance of change.
Results
The baseline condition Figure 5 illustrates mapped outputs for the climate component ratings for the historical baseline condition for the study area. Historically, the warmest temperatures through the growing season have occurred in the eastern end of the valley between Abbotsford and Hope, where annual CHU accumulations currently exceed 3000 (Fig. 5a ), a value well suited to silage corn production (Ma et al. 2004 ). Climatic moisture deficits (Fig. 5b) have historically been highest in the Delta area and least along the northern fringe of the valley, but these moisture deficits have not been a serious limitation to corn production. The climatic indices can be rolled up into a climate class as shown in Fig. 5c where the eastern end of the valley is rated as climate class 2 (slight limitation for corn), the more westerly extent as class 3 (minor limitation). Figure 6 shows the area distribution of classes for the various components of LSRS for the baseline period of 1961 to 1990. The majority of the study area has a baseline climate rating of class 3 with the eastern portion of the valley rated as class 2. Given our study area is composed entirely of valley bottom land, the majority of the landscape is rated as class 1 or 2 with a small area of class 3 (topographic conditions that present moderate limitation to corn production). The soils in the study area range from highly suited (class 1) to entirely unsuited (class 7) based on their inherent physical and chemical properties such as texture, pH, coarse fragment content, structure, and rooting depth. The final overall LSRS rating is based on the most limiting of the soil, climate, and landscape factors. The predominant LSRS suitability class for corn is class 3, defined as moderate limitations to the production of corn. Much of the eastern end of the valley is class 2, where soil conditions present no limitation to corn production and only a minor climate limitation exists. Soil map polygons that are rated as classes 3 and 4 have landscape conditions that further limit production, these are generally hilly upland areas. In the western end of the valley, climate restricts maximum ratings to class 3, whereas areas classified as classes 6 and 7 are wetlands (bog) unsuited for production.
Future scenarios
The six GCM scenario combinations project divergent future outcomes. Figure 7 illustrates the projected trends for two key agro-climatic indices used by LSRS. All scenarios show consistent trends toward hotter temperatures (increased CHUs) and increased climatic moisture deficits (increasingly negative P-PE values) to generates CHU values for much of the valley only one class higher than the baseline. However, with increased heat comes increased climatic moisture deficit (Fig. 8) . The Hot scenario would leave much of the western end of the valley and the Sumas Prairie south of Chilliwack with huge moisture deficits (>−500 mm) and a requirement for irrigation in order to produce most crops including corn. The Cool-Dry scenario, which does not project such strong heating, generates moisture deficits only slightly higher (more negative) than the historic baseline values.
LSRS calculations were strongly affected by the range of GCM climatic inputs and led to divergent outcomes in overall LSRS ratings across the six GCM models. This is illustrated when plotting the projected total area of classes representing "prime" (i.e., classes 1 and 2) or unsuited (classes 5, 6, and 7) conditions. For the near-term, most scenarios project increased area of prime land relative to the baseline period (Fig. 9) . This situation deteriorates in the mid-term (2040-2069) and by 2070-2099 only the Cool-Dry scenario projects the area of prime land to remain above that of the baseline. This is the scenario with the least increase in annual temperature. The Hot and Humid scenarios project no land having prime suitability by 2040-2069 because of increased aridity induced by much higher temperatures. Even the Wet scenario with higher precipitation and warmer temperatures still generates increased soil moisture deficits with the result that only 1/3 of the land area rated as prime under the baseline condition remains rated as such by 2070-2099 under this scenario. Figure 10 shows the changes in the land area that is rated as unsuited (classes 5-7). All scenarios project an increase in the area of land classified as unsuited, the Hot scenario showing the greatest increase and CoolDry the least.
The resultant overall LSRS ratings for the Hot and Cool-Dry scenarios are illustrated on the maps shown in Fig. 11 . Under the Hot scenario, both the west end of the valley rated as baseline class 3 and the east end of the valley rated as baseline class 2 decrease markedly in their suitability for corn production. Most of the valley is classified as class 4 (severely limited) punctuated by discontinuous patches of classes 5 and 6 (soils with low moisture holding capacity). Under the Cool-Dry scenario, there is little change in the spatial distributions of class rating over time. Areas of class 7 seen as dark polygons are mainly undrained organic soils where climatic change does not alter suitability rating.
Discussion
Climate and soils interact to affect the overall land suitability in the study area, and the suitability ratings change over time as climate changes. Table 3 lists the LSRS point deduction scheme for the interaction between climatic moisture deficit as measured by P-PE and available water holding capacity within the surface meter of soil. Under increasing moisture deficit conditions, soils that lack water holding capacity are subject to greater point deductions within the LSRS. For instance, at a climatic moisture deficit of −250 mm, soils with less than 100 mm of available water storage (roughly equivalent to sandy loam or coarser) are subject to a two class drop in LSRS ratings depending on the degree of other soil property deductions. An implication of a warmer and drier future is that soils that are coarse-textured and (or) contain significant volume of coarse fragments will become less well suited to corn production, whereas finer-textured soils (silt loam and finer) will be more resilient based on greater moisture holding. To illustrate this, we selected three soil map polygons from two geographic areas with slightly different climates. The first polygon covered an area of silty-textured soil within the municipality of Delta near the mouth of the Fraser River, a second polygon covered an area of silt loam soil 76 km farther inland between Abbotsford and Chilliwack, and a third polygon covered an nearby area of gravelly loamy sand. Each polygon contained a common soil (tile-drained Gleysol) for the location and relatively uniform soil conditions. For each polygon, the changes in class and subclass ratings for the baseline and future time periods were examined (Table 4) .
The Ladner series is a silt loam to silty clay loam soil typical of the Fraser Delta area. The similarly textured Fig. 8 . Changes in spatial distribution of climatic moisture deficit (P-PE, measured in mm) for the baseline period of and three future timeframes for Hot and Cool-Dry scenarios. Fig. 9 . Changes in area of classes 1 and 2 overall land suitability rating for corn over time compiled from six modeled climate scenarios relative to baseline 1961-1990. Hopedale series is common in the eastern portion of the valley. In both instances, the soils are located on level terrain that presents no limitation to agricultural production and as such, each polygon is rated as having a class 1 landscape. The climate condition for the Ladner soil polygon is rated as class 3HA (moderate heat and aridity limitation) based on a CHU accumulation of 2485 and the −259 mm moisture deficit. The climate condition for the Hopedale soil polygon is rated as 2HA (slight heat and aridity limitation) due to slightly greater accumulation of CHU and a minimal moisture deficit of −159 mm. The Hopedale silt loam presents no limitations to corn production under this level of moisture deficit and has a soil rating of class 1, but the similarly textured Ladner soil under a slightly higher climatic moisture deficit has a soil class rating of 2M (a slight limitation related to the soil's internal waterholding capacity). The overall suitability rating, however, is based on the most limiting ratings. In this case, these are the respective climate ratings, which are class 3 for the Ladner soil series and class 2 for the Hopedale soil series.
Also in the Abbotsford-Chilliwack area is the gravelly, loamy sand-textured Sumas soil. The climate associated with this polygon is almost identical to that for the Hopedale silt loam. In this case, it is not the climate that is most limiting but rather the soil, which is rated as 3M (moderate limitation due to soil moisture holding capacity), and this is the historical overall class limitation for this landscape for corn suitability.
The three soils behave slightly differently under future climate scenarios. The Cool-Dry (GISS_EH) projections generate growing season conditions that maintain the overall suitability class ratings for the finer-textured soils through all time periods, although actual LSRS point ratings do drop within these classes (Table 4) . Under these same conditons and time, there is a one class drop for the coarse-textured Sumas soil. Under the Wet (CGCM3) scenario, the finer-textured soils show land suitability for corn improving in the near-term by one class while remaining stable in the coarse textured Sumas soil. Finally, the Hot (HadGEM) model projects extremely warm growing season conditions with accompanying large moisture deficits to the extent that the Sumas soil is rated as unsuited for corn production (class 7M) by end of the century. The finer-textured soils are more resilient. Although the overall rating drops to 4A (severe limitations due to climatic aridity), the land maintains some degree of suitability for corn production.
A limitation of using a categorical system is that a small point deduction change can result in a full class change when the point values lie near a class boundary. For example, within the Ladner soil, the calculated 13-point difference between the baseline and the CoolDry 2085 ratings produced no change in class. A similar 13-point difference within the Sumas soil between the baseline and Cool-Dry 2085 ratings produced a one class change, although a 20-point difference between the baseline and the Wet 2085 scenario produced a 2 class change. Comparing changes solely in terms of class rankings may distort the magnitude of impact or trend.
Finally, recent progress in understanding multidecadal cyclic patterns in atmospheric pressure-ocean current relationships such as the Pacific Decadal Oscillation and the subdecadal El Niño-Southern Oscillation has helped explain some of the climate variability in Canadian agricultural areas (Perez-Valdivia et al. 2012 ) and groundwater levels in southwestern BC (Fleming et al. 2007 ). Our exclusive use of 30-yr normal climate periods does not address the issue of climate variability, which may have as much as or even a greater impact on agricultural production than longterm temperature and precipitation changes alone (Almarez et al. 2008 ).
Conclusion
The LSRS proved a responsive tool in assessing climate change impacts on silage corn production in the region. The selected GCMs and scenarios projected a wide range Table 3 . LSRS point deductions related to the interaction between climatic moisture deficit and available moisture-holding capacity within the surface meter of soil. Climate-soil interactions resulting in deductions of 50 points or more will result in a two class drop in LSRS rating. of climatic conditions, which generated a similarly wide range of land suitability outcomes from little change to significant reductions in the area of prime land suitabilty. Land suitability for corn production tended to improve over the short term to mid-term with significant enhancements in land suitability under some modeled scenarios. However, in the long-term timeframes, land suitability generally declined due to increased climatic aridity, most notably in vulnerable coarse-textured soils that lack the internal moisture holding capacity to support crop growth under these drier conditions. Although all soils are impacted by the increasing heat and aridity of future growing seasons, our assessments would indicate that the coarse-textured soils of the study area are much more vulnerable to climate warming than their more resilient finer-textured neighbouring soils.
Much of our effort was spent in processing soil and climate data in order to run LSRS in batch mode over a study area of 150 000 ha. During the course of the project, we modified and upgraded the climate calculator preprocessing function to utilize a wider range of input formats, principally NetCDF, a format used to create, access, and share array-oriented scientific data such as gridded climate data sets. This will allow us to more easily input climate data from many different sources. Most critical to the use of LSRS is the availability of continuous coverages of soil data meeting National Soil Database standards. Although earlier pedological correlation by Kenney et al. (2007) enabled this study, more recent work by the authors through much of south central BC will allow LSRS assessments be completed over larger geographic areas of the region at scales linked to the scale of soil mapping. Current efforts in digital soil mapping in BC Smith et al. 2016 ) could potentially enable LSRS to generate suitability ratings on a raster rather than polygon basis in the future. This coupled with new higher resolution climate data sets for southern BC (Neilsen et al. 2015) will mean greater spatial accuracy in our soil-landscape-climate assessments. Finally, there are several agronomic interpretations that may be made based on this study. All climate scenarios projected increases in temperature, which can lead toward more favourable growing conditions and great cropping options. These increases above the current value range of just over 3000 CHU to more than 5500 CHU under the most extreme model projections are well above the current heat requirement for silage corn production in the study area (Pacific Field Corn Association 2014). However, projected temperature increases were seldom accompanied by the increases in growing season precipitation required to offset increased evaporative demand. In our modeling, we maintained the condition of lowered watertables in all poorly drained soils known to be currently drained. Increased future aridity could be partly ameloriated through field practices that actively manage near-surface watertable levels. Future production of field crops, including corn, in the lower Fraser Valley will not be limited by temperature but by lack of root zone moisture, clearly pointing to the continuing and increasing need for wide spread drainage water level control and/or irrigation. Earlier harvesting of summer crops together with drier, warmer fall, and spring conditions may well enable new crops to be grown and new winter cropping systems to emerge by mid-century.
